**Research Highlights**

(1)Neurogenic bladder after spinal cord injury is a hot topic.(2)This study evaluated data from the Web of Science and used statistical analysis in Microsoft Excel. All articles referring to spinal cord injury-induced neurogenic bladder research in the Web of Science were assessed according to decade using the following criteria: document type, the number of author outputs, the output distribution in subject categories, the publication outputs of countries, the characteristics of outputs in journals, and the distribution of citations for each decade.(3)We aimed to identify tendencies in spinal cord injury-induced neurogenic bladder research.

INTRODUCTION {#sec1-1}
============

To perform the bladder functions of urine storage and micturition, many organs and systems, including the cerebral cortex, pons, spinal cord and peripheral nervous system, are involved in the neural control of these processes\[[@ref1]\]. If there is any damage to these organs, neurogenic bladder will occur\[[@ref2][@ref3]\]. Neurogenic bladder refers to dysfunction of the urinary bladder due to disease of the central nervous system or peripheral nerves involved in the control of urination.

Flow chart of micturition reflexes is shown below:
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Neurogenic bladder and a series of complications might affect patients over their entire life, and are the main causes of death\[[@ref4]\]. Accurate evaluation and reasonable treatment of neurogenic bladder are critical for reducing the occurrence of complications and allowing patients to enjoy nearly normal high-quality lives\[[@ref5][@ref6]\].

Spinal cord injury often leads to severe neurological dysfunction and disability, which not only affects the individual\'s physiology and psychology, but also generates a heavy burden on families and society. Spinal cord injury can lead to neurogenic bladder that can cause renal failure, which is the first cause of death in advanced stage patients\[[@ref7][@ref8]\]. Therefore, it is of utmost importance to protect patients from the occurrence of urinary complications following spinal cord injury\[[@ref9][@ref10]\]. There is usually a correlation between the spinal cord segments injured and the functions of the bladder and urethra that are affected.

Although more progress has been made in reducing the incidence of renal failure than other serious complications of spinal cord injury, urinary tract complications continue to be a major cause of concern and morbidity\[[@ref11]\]. Factors such as changes in bladder physiology, the often insidious nature of renal damage in spinal cord injury patients, and the adoption by patients of the bladder management most convenient for their physical and social needs all contribute to morbidity\[[@ref12]\].

Our study is designed to find trends in spinal cord injury-induced neurogenic bladder research based on published research papers found in the Web of Science.

DATA SOURCES AND METHODOLOGY {#sec1-2}
============================

Data retrieval {#sec2-1}
--------------

In this study, we used bibliometric methods to quantitatively and qualitatively investigate research trends in studies of spinal cord injury-induced neurogenic bladder. For this purpose, we employed the Web of Science, a research database of publications and citations that are selected and evaluated by the Institute for Scientific Information in Philadelphia, PA, USA, using the key words "spinal cord injury", "spinal injury", "neurogenic bladder", "neuropathic bladder", "neurogenic lower urinary tract dysfunction", "neurogenic voiding dysfunction", "neurogenic urination disorder" and "neurogenic vesicourethral dysfunction". We did not limit the period of publication and searched 646 results, and downloaded the data on June 20, 2012.

Inclusion criteria {#sec2-2}
------------------

The inclusion criteria were as follows: (1) peer-reviewed articles on spinal cord injury-induced neurogenic bladder which were published and indexed in the Web of Science, including original research articles, reviews, meeting abstracts, proceedings papers, editorial material and letters; (2) the citation database was Science Citation Index-Expanded (SCI-E).

Exclusion criteria {#sec2-3}
------------------

We excluded articles that required manual searching or telephone access. We excluded a number of corrected papers from the total number of articles analyzed.

The outcomes of all articles referring to spinal cord injury-induced neurogenic bladder were measured using the following criteria: (a) type of literature on spinal cord injury-induced neurogenic bladder; (b) annual publication output on spinal cord injury-induced neurogenic bladder; (c) journal publications on spinal cord injury-induced neurogenic bladder; (d) distribution by subject area in spinal cord injury-induced neurogenic bladder research; (e) publications on spinal cord injury-induced neurogenic bladder according to country; (f) publications on spinal cord injury-induced neurogenic bladder by institution.

RESULTS {#sec1-3}
=======

Number of publications on spinal cord injury-induced neurogenic bladder between 1946 and 2012, according to decade ([Figure 1](#F1){ref-type="fig"}) {#sec2-4}
----------------------------------------------------------------------------------------------------------------------------------------------------

![Publication output per decade (total publications: 646). The "2010s" only includes documents published between January 2010 and June 2012.](NRR-7-1832-g002){#F1}

Research on spinal cord injury-induced neurogenic bladder could be found in the SCI-E as of 1946, published in the *Canadian Medical Association Journal*, with the title "the neurogenic bladder in spinal cord injury". There was no publication between January 1947 and the 1970s; eight documents could be searched in the 1970s. In the 1980s, there was only one publication, but the number was greatly increased in the 1990s, and reached a peak in the 2000s. There were only 10 articles before the 1990s, and therefore, here, we analyzed articles on spinal cord injury-induced neurogenic bladder studies in the 1990s and 2000s.

Analysis of publications on spinal cord injury-induced neurogenic bladder in the 1990s {#sec2-5}
--------------------------------------------------------------------------------------

The distribution of document types identified by the SCI-E was analyzed. Six document types were found among 160 publications between 1990 and 1999. Articles (147) were the most frequent document type comprising 91.88% of all publications, followed by proceedings papers (10; 6.25%) and reviews (8; 5.00%). The remaining articles were editorials (2), notes (2) and a letter (1).

The annual publication output on spinal cord injury-induced neurogenic bladder in the 1990s is presented in [Figure 2](#F2){ref-type="fig"}.

![Annual output of publications on spinal cord injury-induced neurogenic bladder in the Web of Science between 1991 and 1999.](NRR-7-1832-g003){#F2}

There were 160 publications on spinal cord injury-induced neurogenic bladder in the Web of Science between 1990 and 1999. The number of publications, per year, on spinal cord injury-induced neurogenic bladder increased over this 10-year period. In total, 30 papers were published and included in the Web of Science in 1999, which was much more than in 1990.

The top 11 journals that published papers on spinal cord injury-induced neurogenic bladder between 1990 and 1999 are presented in [Table 1](#T1){ref-type="table"}.

###### 

Top 11 journals that published studies on spinal cord injury-induced neurogenic bladder included in the Web of Science between 1990 and 1999
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In [Table 1](#T1){ref-type="table"}, it is evident that most papers on spinal cord injury-induced neurogenic bladder appeared in journals with a particular focus on urology or the spinal cord. *The Journal of Urology* published 29 papers which accounted for 18.13% of the total number of publications, followed by *Spinal Cord* which published 26 papers and accounted for 16.25% of publications.

Based on the classification of subject categories in *Journal Citation Reports* 2010, the article output data were grouped into 250 subject categories. The articles of the top six most productive subject categories related to spinal cord injury-induced neurogenic bladder between 1990 and 1999 are presented in [Table 2](#T2){ref-type="table"}.

###### 

Distribution of subject areas related to spinal cord injury-induced neurogenic bladder included in the Web of Science between 1990 and 1999
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In [Table 2](#T2){ref-type="table"}, it is evident that among the subject categories related to spinal cord injury-induced neurogenic bladder, the greatest number of studies (80 papers) was in the field of urology and nephrology, which accounted for 50.00% of publications. With 53 papers, the second highest number of studies was in the field of clinical neurology, which accounted for 33.13% of publications. The distribution of publications, by country, on spinal cord injury-induced neurogenic bladder between 1990 and 1999 is presented in [Table 3](#T3){ref-type="table"}.

###### 

Top nine countries publishing studies on spinal cord injury-induced neurogenic bladder included in the Web of Science between 1990 and 1999

![](NRR-7-1832-g006)

In [Table 3](#T3){ref-type="table"}, it is clear that the United States published the highest number of papers on spinal cord injury-induced neurogenic bladder. The United States published 62 papers which accounted for 38.75% of the total; this is much higher than the number of papers published by other countries. The United Kingdom ranked second with 25 papers and accounted for 15.63% of the total. It is surprising that there were no papers from Mainland China, apart from the three papers published by researchers in Taiwan, China.

The top five institutions for studies on spinal cord injury-induced neurogenic bladder included in the Web of Science in the 1990s are the following: University of Pittsburgh, ranked first with 10 papers, accounting for 6.25% of the total number of publications, followed by Eastbourne District General Hospital (8; 5.00%) and Thomas Jefferson University (7; 4.38%). Radboud University Nijmegen and the University of Texas were ranked fourth with four papers each.

The most cited publications in spinal cord injury-induced neurogenic bladder research in the Web of Science between 1990 and 1999 are presented in [Table 4](#T4){ref-type="table"}.

###### 

Top ten cited publications on spinal cord injury-induced neurogenic bladder in the Web of Science between 1990 and 1999
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Analysis of publications in spinal cord injury-induced neurogenic bladder in the 2000s {#sec2-6}
--------------------------------------------------------------------------------------

The different types of publications relating to spinal cord injury-induced neurogenic bladder in the 2000s are presented in [Table 5](#T5){ref-type="table"}.

###### 

Types of publications on spinal cord injury-induced neurogenic bladder included in the Web of Science between 2000 and 2010
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In [Table 5](#T5){ref-type="table"}, it is found that articles, reviews and proceedings papers constituted the major types of publications related to spinal cord injury-induced neurogenic bladder over this period. There were 302 articles, accounting for 83.89% of the total number of publications, which was more than any other type of literature, followed by reviews (46) and proceedings papers (43).

The annual publication output on spinal cord injury-induced neurogenic bladder in the 2000s is presented in [Figure 3](#F3){ref-type="fig"}.

![Annual publication output on spinal cord injury-induced neurogenic bladder in the Web of Science between 2000 and 2009.](NRR-7-1832-g009){#F3}

There were 360 publications on spinal cord injury-induced neurogenic bladder in the Web of Science between 2000 and 2009. The number of publications, per year, on spinal cord injury-induced neurogenic bladder increased over the 10-year period and reached a peak in 2007, with 70 papers.

Distribution of output per subject category is presented in [Table 6](#T6){ref-type="table"}.

###### 

Distribution of output for the various subject areas related to spinal cord injury-induced neurogenic bladder in the Web of Science between 2000 and 2009
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We found that the number of scientific articles per category exhibited constant growth during this period, which indicates that spinal cord injury-induced neurogenic bladder research has been developing steadily in the various categories.

The contribution of different countries to the publications was based on journal articles in which the address and affiliation of at least one author were provided. The top nine countries in the 2000s are listed in [Table 7](#T7){ref-type="table"}.

###### 

Top nine countries in terms of number of studies on spinal cord injury-induced neurogenic bladder included in the Web of Science from 2000 to 2009
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The United States, France and the United Kingdom were the three most productive countries, and the United States had the highest publication numbers for the decade with 120 papers, accounting for 33.33% of the total.

The top five institutions for studies on spinal cord injury-induced neurogenic bladder included in the Web of Science in 2000s are as follows: University of Paris 6, ranked first with 27 papers, accounting for 7.50% of publications, followed by University of Pittsburgh (22; 6.11%) and Université Claude Bernard Lyon 1 (15; 4.17%). Eastbourne District General Hospital and University of Medicine and Dentistry of New Jersey ranked fourth with 10 papers each.

China can take pride that there are nine papers published by Chinese authors. These are the following:

An artificial somatic-central nervous system-autonomic reflex pathway for controllable micturition after spinal cord injury: preliminary results in 15 patients, written by Xiao *et al*\[[@ref23]\].

An artificial somatic-autonomic reflex pathway procedure for bladder control in children with spina bifida, written by Xiao *et al*\[[@ref24]\].

Reinnervation for neurogenic bladder: historic review and introduction of a somatic-autonomic reflex pathway procedure for patients with spinal cord injury or spina bifida, written by Xiao CG\[[@ref25]\].

Clinical study of reconstructed bladder innervation below the level of spinal cord injury to produce urination by Achilles tendon-to-bladder reflex contractions, written by Lin *et al*\[[@ref26]\].

Expressions of voltage-gated K^+^ channel 2.1 and 2.2 in rat bladder with detrusor hyperreflexia, written by Gan *et al*\[[@ref27]\].

Reconstructed bladder innervation below the level of spinal cord injury: the knee-tendon to bladder artificial reflex arc, written by Zheng *et al*\[[@ref28]\].

Reconstruction of reflex pathways to the atonic bladder after conus medullaris injury: preliminary clinical results, written by Lin *et al*\[[@ref29]\].

Urodynamic study in the neurogenic bladder dysfunction caused by intervertebral disk hernia, written by Dong *et al*\[[@ref30]\].

The assessment of bladder and urethral function in spinal cord injury patients, written by Chen *et al*\[[@ref31]\].

The top eight journals that published papers on spinal cord injury-induced neurogenic bladder between 2000 and 2009 are presented in [Table 8](#T8){ref-type="table"}.

###### 

Top eight journals that published studies on spinal cord injury-induced neurogenic bladder included in the Web of Science between 2000 and 2009
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In [Table 8](#T8){ref-type="table"}, it is found that *Spinal Cord* published 50 papers which accounted for 13.89% of the total number of publications, followed by *Progres En Urologie* and *The Journal of Urology* which published 32 and 31 papers respectively.

According to bibliometric principles, the main index for evaluating the quality of an article is the amount of citations it garners. According to scientometrics, a reference is considered a "classical reference" when the article has been cited four or more times\[[@ref32]\]. The top 13 citations based on our analysis in the 2000s are listed in [Table 9](#T9){ref-type="table"}, these are all classical references in the spinal cord injury-induced neurogenic bladder field.

###### 

Top 13 cited publications on spinal cord injury-induced neurogenic bladder in the Web of Science between 2000 and 2009
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DISCUSSION {#sec1-4}
==========

In 1994, the International Medical Society of Paraplegia recommended the adoption of the neurological classification system for spinal cord injury prepared by the American Spinal Injury Association as the international classification standard, which was modified in 2000\[[@ref46]\].

The Bors-Comarr classification system is primarily applied for voiding dysfunction at the end of the spinal shock phase of spinal cord injury.

Based on the anatomy of lesions, nerve injuries are divided into UMN and LMN; the former refers to spinal cord injury above the sacral level, while the latter refers to sacral dorsal or sacral nerve root injury. Moreover, according to the classification system, the diseases are divided into complete and incomplete injuries in accordance with the severity of nerve injury; according to RU, they are also divided into "balanced" or "non-balanced" lower urinary tract function. This classification system, to a certain extent, reflects the function of the bladder and urethra.

Based on the bibliometric analysis, the following comparisons and results were obtained for spinal cord injury-induced neurogenic bladder:

First, there are 646 research articles addressing spinal cord injury-induced neurogenic bladder included in the Web of Science. Research on spinal cord injury-induced neurogenic bladder could be found in the SCI-E as of 1946, in an article published in the *Canadian Medical Association Journal* with the title "the neurogenic bladder in spinal cord injury". There were no publications between January 1947 and the 1970s; eight documents could be searched. In the 1980s, there was only one publication. Research on spinal cord injury-induced neurogenic bladder has attracted ever-increasing attention among global researchers from the 2000s, notwithstanding slight drops in output in the 2010s.

Second, the United States, Ireland and Switzerland were the three primary countries that studied spinal cord injury-induced neurogenic bladder in the 1970s. The United States was the most prominent, publishing seven papers. Rancho Los Amigos Hospital, University of Minnesota, University of Southern California and Veterans ADM Hospital were the main institutions publishing studies on spinal cord injury-induced neurogenic bladder. However, in the 1990s, the United States, the United Kingdom, the Netherlands, Germany and Japan published more papers on spinal cord injury-induced neurogenic bladder research than Switzerland, and Ireland fell off the top ten list. Ten papers were from the University of Pittsburgh, followed by Eastbourne District General Hospital and Thomas Jefferson University. In the 2000s, the United States still ranked first in spinal cord injury-induced neurogenic bladder research, followed by France, the United Kingdom, Germany, Switzerland and Japan. Subject categories including urology, nephrology and clinical neurology, as well as rehabilitation, were represented in spinal cord injury-induced neurogenic bladder studies.

Third, journals focusing on neuroscience published the most articles on spinal cord injury-induced neurogenic bladder. *The Journal of Urology*, *Spinal Cord*, and *Paraplegia* had the top three highest total number of publications in the 1990s. In the 2000s, *Spinal Cord* ranked first, followed by *Progres En Urologie* and *The Journal of Urology*. The most cited paper is not necessarily the highest impact paper on an annual basis. The immediate impact during the year when the article is published is indicated by the average number of citations per annum.

The findings of the present study may be of interest to researchers who are currently undertaking studies in this field, as well as those planning future studies on spinal cord injury-induced neurogenic bladder.
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